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EXTERIOR ELECTROCHROMIC 
REFLECTIVE MIRROR ELEMENT FOR A 

VEHICULAR REARVIEW MIRROR 
ASSEMBLY 

The present application, Ser. No. 11/653,254, is a con 
tinuation application of US. application Ser. No. 10/954, 
233, ?led Oct. 1, 2004, now US. Pat. No. 7,202,987, Which 
is a continuation of US. application Ser. No. 10/197,679, 
?led Jul. 16, 2002, now US. Pat. No. 6,855,431, Which is a 
continuation of US. application Ser. No. 09/381,856, ?led 
Jan. 27, 2000, now US. Pat. No. 6,420,036, Which is a 35 
USC Section 371 of PCT/US98/05570, ?led Mar. 26, 
1998, Which is a continuation-in-part of US. application Ser. 
No. 08/824,501, ?led Mar. 26, 1997, now US. Pat. No. 
5,910,854; and the present application, Ser. No. 11/653,245, 
is a continuation-in-part of US. application Ser. No. 11/244, 
182, ?led Oct. 6, 2005, Which is a continuation of US. 
application Ser. No. 10/971,456, ?led Oct. 22, 2004, now 
US. Pat. No. 7,004,592, Which is a continuation of US. 
application Ser. No. 09/954,285, ?led Sep. 18, 2001, Which 
is a continuation of US. application Ser. No. 08/957,027, 
?led Oct. 24, 1997, Which is a continuation of US. appli 
cation Ser. No. 08/429,643, ?led Apr. 27, 1995, now US. 
Pat. No. 5,724,187, Which is a continuation-in-part of US. 
application Ser. No. 08/238,521, ?led May 5, 1994, now 
US. Pat. No. 5,668,663. 

BACKGROUND OF THE INVENTION 

1. Technical Field of the Invention 
The present invention relates to reversibly variable elec 

trochromic devices for varying the transmittance to light, 
such as electrochromic rearvieW mirrors, WindoWs and sun 
roofs for motor vehicles, reversibly variable electrochromic 
elements therefor and processes for making such devices 
and elements. 

2. Brief Description of the Related Technology 
Reversibly variable electrochromic devices are knoWn in 

the art. In such devices, the intensity of light (e.g., visible, 
infrared, ultraviolet or other distinct or overlapping electro 
magnetic radiation) is modulated by passing the light 
through an electrochromic medium. The electrochromic 
medium is disposed betWeen tWo conductive electrodes, at 
least one of Which is typically transparent, Which causes the 
medium to undergo reversible electrochemical reactions 
When potential differences are applied across the tWo elec 
trodes. Some examples of these prior art devices are 
described in US. Pat. No. 3,280,701 (Donnelly); US. Pat. 
No. 3,451,741 (Manos); US. Pat. No. 3,806,229 (Schoot); 
US. Pat. No. 4,712,879 (Lynam) (“Lynam I”); US. Pat. No. 
4,902,108 (Byker) (“Byker I”); and I. F. Chang, “Electro 
chromic and Electrochemichromic Materials and Phenom 
ena”, in Nonemissive Electrooptic Displays, 155-96, A. R. 
KmetZ and F. K. von Willisen, eds., Plenum Press, NeW York 
(1976). 

Reversibly variable electrochromic media include those 
Wherein the electrochemical reaction takes place in a solid 
?lm or occurs entirely in a liquid solution. See e.g., Chang. 
Numerous devices using an electrochromic medium, 

Wherein the electrochemical reaction takes place entirely in 
a solution, are knoWn in the art. Some examples are 
described in US. Pat. No. 3,453,038 (Kissa); US. Pat. No. 
5,128,799 (Byker) (“Byker II”); Donnelly; Manos; Schoot; 
Byker I; and commonly assigned US. Pat. No. 5,073,012 
(Lynam) (“Lynam II”); US. Pat. No. 5,115,346 (Lynam) 
(“Lynam III”); US. Pat. No. 5,140,455 (Varaprasad) (“Vara 
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2 
prasad I”); US. Pat. No. 5,142,407 (Varaprasad) (“Vara 
prasad II”); US. Pat. No. 5,151,816 (Varaprasad) (“Vara 
prasad III”) and US. Pat. No. 5,239,405 (Varaprasad) 
(“Varaprasad IV”); and commonly assigned US. patent 
application Ser. No. 07/935,784 (?led Aug. 27, 1992). 
Typically, these electrochromic devices, sometimes referred 
to as electrochemichromic devices, are single-compartment, 
self-erasing, solution-phase electrochromic devices. See 
e.g., Manos, Byker I and Byker II. 

In single-compartment, self-erasing, solution-phase elec 
trochromic devices, the intensity of the electromagnetic 
radiation is modulated by passing through a solution held in 
a compartment. The solution often includes a solvent, at 
least one anodic compound and at least one cathodic com 
pound. During operation of such devices, the solution is 
?uid, although it may be gelled or made highly viscous With 
a thickening agent, and the solution components, including 
the anodic compounds and cathodic compounds, do not 
precipitate. See e.g., Byker I and Byker II. 

Certain of these electrochemichromic devices have pre 
sented draWbacks. First, a susceptibility exists for distinct 
bands of color to form adjacent the bus bars after having 
retained a colored state over a prolonged period of time. This 
undesirable event is knoWn as segregation. Second, process 
ing and manufacturing limitations are presented With elec 
trochemichromic devices containing electrochemichromic 
solutions. For instance, in the case of electrochemichromic 
devices Which contain an electrochemichromic solution 
Within a compartment or cavity thereof, the siZe and shape 
of the electrochemichromic device is limited by the bulges 
and non-uniformities Which often form in such large area 
electrochemichromic devices because of the hydrostatic 
nature of the liquid solution. Third, from a safety standpoint, 
in the event an electrochemichromic device should break or 
become damaged through fracture or rupture, it is important 
for the device to maintain its integrity so that, if the 
substrates of the device are shattered, an electrochemichro 
mic solution does not escape therefrom and that shards of 
glass and the like are retained and do not scatter about. In the 
knoWn electrochromic devices, measures to reduce breakage 
or broken glass scattering include the use of tempered glass 
and/or a laminate assembly comprising at least tWo panels 
af?xed to one another by an adhesive. Such measures control 
the scattering of glass shards in the event of breakage or 
damage due, for instance, to the impact caused by an 
accident. 

Numerous devices using an electrochromic medium, 
Wherein the electrochemical reaction takes place in a solid 
layer, are knoWn in the art. Typically, these devices employ 
electrochromic solid-state thin ?lm technology [see e.g., N. 
R. Lynam, “Electrochromic Automotive Day/Night Mir 
rors”, SAE Technical Paper Series, 870636 (1987); N. R. 
Lynam, “Smart WindoWs for Automobiles”, SAE Technical 
Paper Series, 900419 (1990); N. R. Lynam and A. AgraWal, 
“Automotive Applications of Chromogenic Materials”, 
Large Area Chromogenics: Materials & Devices for Trans 
mittance Control, C. M. Lampert and C. G. Granquist, eds., 
Optical Eng’g Press, Washington (1990); C. M. Lampert, 
“Electrochromic Devices and Devices for Energy Ef?cient 
Windows”, Solar Enercry Materials, 11, 1-27 (1984); US. 
Pat. No. 3,521,941 (Deb); US. Pat. No. 4,174,152 (Giglia); 
Re. 30,835 (Giglia); US. Pat. No. 4,338,000 (Kamimori); 
US. Pat. No. 4,652,090 (UchikaWa); US. Pat. No. 4,671, 
619 (Kamimori); Lynam I; and commonly assigned US. 
Pat. No. 5,066,112 (Lynam) (“Lynam IV”) and US. Pat. No. 
5,076,674 (Lynam) (“Lynam V”)]. 
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In solid-state thin ?lm electrochromic devices, an anodic 
electrochromic layer and a cathodic electrochromic layer, 
each layer usually made from inorganic metal oxides, are 
typically separate and distinct from one another and 
assembled in a spaced-apart relationship. The solid-state 
thin ?lms are often formed using techniques such as chemi 
cal vapor deposition or physical vapor deposition. Such 
techniques are not attractive economically, hoWever, as they 
involve cost. In another type of solid-state thin ?lm elec 
trochromic device, tWo substrates are coated separately With 
compositions of photo- or therrno-setting monomers or 
oligomers to form on one of the substrates an electrochromic 
layer, With the electrochromic material present Within the 
layer being predominantly an inorganic material, and on the 
other substrate a redox layer. [See Japanese Patent Docu 
ment JP 63-262,624]. 

Attempts have been made to prepare electrochromic 
media from polymers. For example, it has been reported that 
electrochromic polymer layers may be prepared by dissolv 
ing in a solvent organic polymers, Which contain no func 
tionality capable of further polymerization, together With an 
electrochromic compound, and thereafter casting or coating 
the resulting solution onto an electrode. It has been reported 
further that electrochromic polymer layers are created upon 
evaporation of the solvent by pressure reduction and/or 
temperature elevation. [See e.g., US. Pat. No. 3,652,149 
(Rogers), US. Pat. No. 3,774,988 (Rogers) and US. Pat. 
No. 3,873,185 (Rogers); US. Pat. No. 4,550,982 (Hirai); 
Japanese Patent Document JP 52-10,745; and Y. Hirai and C. 
Tani, “Electrochromism for Organic Materials in Polymeric 
All-Solid State Systems”, Appl. Phys. Lett., 43(7), 704-05 
(1983)]. Use of such polymer solution casting systems has 
disadvantages, hoWever, including the need to evaporate the 
solvent prior to assembling devices to form polymer elec 
trochromic layers. This additional processing step adds to 
the cost of manufacture through increased capital expendi 
tures and energy requirements, involves potential exposure 
to hazardous chemical vapors and constrains the type of 
device to be manufactured. 

A thermally cured polymer gel ?lm containing a single 
organic electrochromic compound has also been reported for 
use in display devices. [See H. Tsutsumi et al., “Polymer Gel 
Films With Simple Organic Electrochromics for Single-Film 
Electrochromic Devices”, J. Polym. Sci., 30, 1725-29 (1992) 
and H. Tsutsumi et al., “Single Polymer Gel Film Electro 
chromic Device”, Electrochemica Acta, 37, 369-70 (1992)]. 
The gel ?lm reported therein Was said to possess a solvent 
like environment around the electrochromic compounds of 
that ?lm. This gel ?lm Was reported to turn broWn, and 
ceased to perform color-bleach cycles, after only 35,200 
color-bleach cycles. 

SUMMARY OF THE INVENTION 

The present invention also provides novel electrochromic 
monomer compositions comprising anodic electrochromic 
compounds, cathodic electrochromic compounds, a mono 
mer component and a plasticizer that are useful in the 
formation of such polychromic solid ?lms. More speci? 
cally, each of the electrochromic compounds are organic or 
organometallic compounds. Electrochromic monomer com 
positions may also include, but are not limited to, either 
individually or in combination, cross-linking agents, photo 
initiators, photosensitizers, ultraviolet stabilizing agents, 
electrolytic materials, coloring agents, spacers, anti-oxidiz 
ing agents, ?ame retarding agents, heat stabilizing agents, 
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4 
compatibilizing agents, adhesion promoting agents, cou 
pling agents, humectants and lubricating agents. 
The present invention further provides novel processes for 

making polychromic solid ?lms by transforming such novel 
electrochromic monomer compositions into polychromic 
solid ?lms through exposure to electromagnetic radiation for 
a time sufficient to effect an in situ cure. 
The present invention still further provides electrochro 

mic devices, such as those referred to above, particularly 
rearvieW mirrors, WindoWs and sun roofs for automobiles, 
Which devices are stable to outdoor Weathering, particularly 
Weathering observed due to prolonged exposure to ultravio 
let radiation from the sun, and are safety protected against 
impact from an accident. Such outdoor Weathering and 
safety bene?ts are achieved by manufacturing these devices 
using as a medium of varying transmittance to light the 
polychromic solid ?lms prepared by the in situ cure of an 
electrochromic monomer composition containing a mono 
mer component that is capable of further polymerization. 

The present invention provides for the ?rst time, among 
other things (1) polychromic solid ?lms that may be trans 
formed from electrochromic monomer compositions by an 
in situ curing process through exposure to electromagnetic 
radiation, such as ultraviolet radiation; (2) a transformation 
during the in situ curing process from the loW viscosity, 
typically liquid, electrochromic monomer compositions to 
polychromic solid ?lms that occurs With minimum shrink 
age and With good adhesion to the contacting surfaces; (3) 
polychromic solid ?lms that (a) may be manufactured to be 
self-supporting and subsequently laminated betWeen con 
ductive substrates, (b) perform Well under prolonged col 
oration, (c) demonstrate a resistance to degradation caused 
by environmental conditions, such as outdoor Weathering 
and all-climate exposure, particularly demonstrating ultra 
violet stability When exposed to the sun, and (d) demonstrate 
a broad spectrum of color under an applied potential; (4) 
polychromic solid ?lms that may be manufactured economi 
cally and are amenable to commercial processing; (5) poly 
chromic solid ?lms that provide inherent safety protection 
not knoWn to electrochromic media heretofore; and (6) 
electrochromic monomer compositions that comprise anodic 
electrochromic compounds and cathodic electrochromic 
compounds, Which compounds are organic or organometal 
lic. 
The self-supporting nature of polychromic solid ?lms 

provides many bene?ts to the electrochromic devices manu 
factured thereWith, including the elimination of a compart 
mentalization means, such as a sealing means, since no such 
means is required to con?ne or contain a polychromic solid 
?lm Within an electrochromic device. That polychromic 
solid ?lms may be manufactured to be self-supporting also 
enhances processibility, and vitiates obstacles Well-recog 
nized in the manufacturing of electrochromic devices con 
taining knoWn electrochromic media, especially those that 
are to be vertically mounted in their intended use. 

Moreover, since the electrochromic compounds are not 
free to migrate Within polychromic solid ?lms, in contrast to 
electrochromic compounds present Within a liquid solution 
phase environment, polychromic solid ?lms do not pose the 
segregation concern as do solution-phase electrochemichro 
mic devices; rather, polychromic solid ?lms perform Well 
under prolonged coloration. 

Further, from a safety perspective, in the event that 
electrochromic devices manufactured With polychromic 
solid ?lms should break or become damaged due to the 
impact from an accident, no liquid is present to seep 
therefrom since the polychromic solid ?lms of the present 
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invention are indeed solid. Also, the need to manufacture 
electrochromic devices With tempered glass, or With at least 
one of the substrates being of a laminate assembly, to reduce 
potential lacerative injuries is obviated since polychromic 
solid ?lms, positioned betWeen, and in abutting relationship 
With, the conductive surface of the tWo substrates, exhibit 
good adhesion to the contacting surfaces. Thus, polychromic 
solid ?lms should retain any glass shards that may be created 
and prevent them from scattering. Therefore, a safety pro 
tection feature inherent to polychromic solid ?lms is also 
provided herein, making polychromic solid ?lms particu 
larly attractive for use in connection With electrochromic 
devices, such as mirrors, WindoWs, sun roofs, shade bands, 
eye glass and the like. 

Polychromic solid ?lms embody a novel and useful 
technology Within the electrochromic art, Whose utility Will 
become more readily apparent and more greatly appreciated 
by those of skill in the art through a study of the detailed 
description taken in conjunction With the ?gures Which 
folloW hereinafter. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 depicts a sectional vieW of an electrochromic 
device employing an electrochromic polymeric solid ?lm 
according to the present invention. 

FIG. 2 depicts a perspective vieW of an electrochromic 
glaZing assembly according to the present invention. 

FIG. 3 is a top plan vieW of a vehicle having a blind spot 
detection system. 

FIG. 4 is a block diagram and partial schematic diagram 
of a blind spot detection display system, as vieWed by a 
vehicle operator. 

FIG. 5 is the same vieW as FIG. 3 of an alternative 
embodiment of a blind spot detection display system. 

FIG. 6 is a perspective vieW of another alternative 
embodiment of a blind spot detection display system. 

The depictions in these ?gures are for illustrative pur 
poses and thus are not draWn to scale. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In accordance With the teaching of the present invention, 
polychromic solid ?lms may be prepared by exposing an 
electrochromic monomer composition to electromagnetic 
radiation for a time suf?cient to transform the electrochro 
mic monomer composition into a polychromic solid ?lm. 
This in situ curing process initiates polymeriZation of, and 
typically completely polymeriZes, an electrochromic mono 
mer composition, normally in a liquid state, by exposure to 
electromagnetic radiation to form a polychromic solid ?lm, 
Whose surface and cross-sections are substantially tack-free. 

The electrochromic monomer compositions are com 
prised of anodic electrochromic compounds, cathodic elec 
trochromic compounds, each of Which are organic or orga 
nometallic compounds, a monomer component and a 
plasticiZer. In addition, cross-linking agents, photoinitiators, 
photosensitiZers, ultraviolet stabiliZing agents, electrolytic 
materials, coloring agents, spacers, anti-oxidiZing agents, 
?ame retarding agents, heat stabiliZing agents, compatibi 
liZing agents, adhesion promoting agents, coupling agents, 
humectants and lubricating agents and combinations thereof 
may also be added. In the preferred electrochromic mono 
mer compositions, the chosen monomer component may be 
a polyfunctional monomer, such as a difunctional monomer, 
trifunctional monomer, or a higher functional monomer, or 
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6 
a combination of monofunctional monomer and difunctional 
monomer or monofunctional monomer and cross-linking 

agent. Those of ordinary skill in the art may choose a 
particular monomer component or combination of monomer 
components from those recited in vieW of the intended 
application so as to impart the desired bene?cial properties 
and characteristics to the polychromic solid ?lm. 

An anodic electrochromic compound suitable for use in 
the present invention may be selected from the class of 
chemical compounds represented by the folloWing formu 
lae: 

Wherein A is O, S or NRRl; 

Wherein R and R1 may be the same or different, and each 
may be selected from the group consisting of H or any 
straight- or branched-chain alkyl constituent having from 
about one carbon atom to about eight carbon atoms, such as 

CH3, CH2CH3, CH2CH2CH3, CH(CH3)2, C(CH3)3 and the 
like; provided that When A is NRRl, Q is H, OH or NRRl; 
further provided that When A is NRRl a salt may be 
associated thereWith; still further provided that When both A 
and Q are NRRl, A and Q need not, but may, be the same 
functional group; 

D is O, S, NRl or Se; 
E is R1, COOH or CONH2; or, E and T, When taken 

together, represent an aromatic ring structure having six ring 
carbon atoms When vieWed in conjunction With the ring 
carbon atoms to Which they are attached; 

G is H; 
J is H, any straight- or branched-chain alkyl constituent 

having from about one carbon atom to about eight carbon 
atoms, such as CH3, CH2CH3, CH2CH2CH3, CH(CH3)2, 
C(CHg)3 and the like, NRRl 

NRCRI, 

ORl phenyl, 2,4-dihydroxyphenyl or any halogen; or, G and 
I, When taken together, represent an aromatic ring structure 
having six ring carbon atoms When vieWed in conjunction 
With the ring carbon atoms ‘to Which they are attached; 

L is H or OH; 

M is H or any halogen; 

T is R1, phenyl or 2,4-dihydroxyphenyl; and 

Q is H, OH or NRRl; 

provided that When L and/or Q are OH, L and/ or Q may also 
be salts thereof; further provided that in order to render it 
electrochemically active in the present context, anodic elec 
trochromic compound I has been previously contacted With 
a redox agent; 
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O l N / \ {I} ; 

wherein X and Y may be the same or dilTerent, and each may 
be selected from the group consisting of H, any halogen or 
NRRl, Wherein R and R1 may be the same or dilTerent, and 
are as de?ned supra; or, X and Y, When taken together, 
represent an aromatic ring structure having six ring carbon 15 
atoms When vieWed in conjunction With the ring carbon 
atoms to Which they are attached; and 
Z is OH or NRRl or salts thereof; provided that in order 

to render it electrochemically active in the present context, 
anodic electrochromic compound II has been previously 20 
contacted With a redox agent; 

Ill 

25 

N 

If 30 
R1 

derivatives of 5,10-dihydrophenazine 
35 Wherein R and R1 may be the same or dilTerent, and are 

de?ned supra; 

IV 
R R1 40 
\N/ 

45 

N 

50 

derivatives of l,4-phenylenediamine 

Wherein R and R1 may be the same or dilTerent, and are 55 
de?ned supra; 

60 

derivatives of benZidine 65 

Wherein R and R1 may be the same or dilTerent, and are 
de?ned supra; 

8 
Metallocenes suitable for use as a component of the 

electrochromic monomer composition include, but are not 
limited to the following: 

VI 

metallocenes and their derivatives 

Wherein R and R1 may be the same or dilTerent, and each 
may be selected from the group consisting of H; any 
straight- or branched-chain alkyl constituent having from 
about 1 carbon atom to about 8 carbon atoms, such as CH3, 

CH2CH3, CH2CH2CH3, CH(CH3)2, C(CH3)3 and the like; 
acetyl; vinyl; allyl; i(CH2)n4OH, Wherein n may be an 
integer in the range of 0 to about 20; 

CH3 0 

Wherein n may be an integer in the range of 0 to about 20; 

i(CH2)4COOR2, Wherein n may be an integer in the range 
of 0 to about 20 and R2 may be any straight- or branched 
chain alkyl constituent having from about 1 carbon atom to 
about 20 carbon atoms, hydrogen, lithium, sodium, 

CH3 0 

Wherein n may be an integer from 0 to about 20, 

i(CH2)n ,-OR3, Wherein n' may be an integer in the range of 
l to about 12 and R3 may be any straight- or branched-chain 
alkyl constituent having from about 1 carbon atom to about 
8 carbon atoms 

cH3 

and i(CH2)iN+ (CH3)3X, 
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wherein n' may be an integer in the range of 1 to about 12; 
X may be Cl‘, Br‘, 1‘, P136‘, C104- B134‘; and Wherein MC, 
is Fe, Ni, Ru, Co, Ti, Cr, W, Mo and the like; 

K S: is j 
S S 

tetrathiafulvalene 
(“TTF”) 

VII 

and combinations thereof. 
PhenothiaZines suitable for use as a component of the 

electrochromic monomer composition include, but are not 
limited to, those represented by the following structures: 

l-A 

R16 1:9 R17 
R15 N R10 

R14 S R11 

R13 R12 

phenothiazines 

Where R9 may be selected from the group consisting of H; 
any straight- or branched-chain alkyl constituent having 
from about 1 carbon atom to about 10 carbon atoms; phenyl; 
benZyl; i(CH2)2iCN; i(CH2)24COOH; 

CCH3;; allyl; 

O 
O O 

Wherein m' may be an integer in the range of 1 to about 8; 

Wherein Rl8 may be any straight- or branched-chain alkyl 
constituent having from about 1 carbon atom to about 8 
carbon atoms; and 

R10, 1211, R12, R13, R14, R0, R16, and R17 may be selected 
from H, Cl, Br, CF3, CH3, N02, COOH, OH, SCH3, OCH3, 
OZCCH3 or 

CCH3; and 
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10 
R9 and R17, When taken together, form a ring With six 

atoms (?ve of Which being carbon) having a carbonyl 
substituent on one of the carbon atoms. Preferred among 

phenothiaZines l-A is phenothiaZines 2-A to 4-A as depicted 
in the folloWing structure: 

2-A 

I CH3 N \/\ 
I ‘i 

S / OCCH3 

3 —acetoxy—methyl— lOH-phenothiazine 
(HAMPTH) 

3-A 
0 Gig 

S 

2,3-dihydro-3-keto-lH-pyrido [3,2,l—kl]phenothiazine 
(H PT”) 

4-A 

‘i 
C 

\CH3 
1‘ 

@KNU S 

2-acetyl-phenothiazine 
(“APT”) 

An example of a desirable quinone for use as component 
in the electrochromic monomer composition include, but is 
not limited to the folloWing structure: 

5-A 

OH 

O 

2-hydroxy-naphthoquinone 

Combinations of components in the electrochromic 
monomer composition may be selectively chosen to achieve 
a desired substantially non-spectral selectivity When the 
electrochromic element (and the mirror in Which the elec 
trochromic element is to function) is dimmed to a colored 
state. 

To render anodic electrochromic compounds I and H 
electrochemically active in the context of the present inven 
tion, a redox pre-contacting procedure must be used. Such a 
redox pre-contacting procedure is described in the context of 
preparing anodic compounds for electrochemichromic solu 
tions in Varaprasad 1V and commonly assigned US. patent 
application Ser. No. 07/935,784 (?led Aug. 27, 1992). 

Preferably, anodic electrochromic compound I may be 
selected from the group consisting of the class of chemical 
compounds represented by the folloWing formulae: 





13 

-continued 

Gig 
N OH 

@K m 0 O 

2-hydroxy-phenoxazin 
3-one ("HPOZ") 

N O 

2-keto-N-ethyl-phenazine 
(HKEPAH) 

N 
\ 

+ 

HZN S NHCH3 

A re A 

Azure B 
(“AB”) 

HZN s 

Azure C 
(MACH) 

NHCH3 

Methylene Blue 
(“MB”) 

Thionin 
(“TH”) 

UV 
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-continued 
WI 

Cl 

0 NAG OH 
Cl 

2,6-dichloro-indophenol 

and combinations thereof. 

Among the especially preferred anodic electrochromic 
compounds I are MVTB @(V), PT @(VI), MPT @(VII), and 
POZ @(IX), With MVTB and MPT being most preferred. 
Also preferred is the reduced form of MPT Which results 
from the redox pre-contacting procedure referred to above, 
and has been thereafter isolated. This reduced and isolated 
form of MPTiRMPT [XVII(a)]iis believed to be 2-me 
thyl-3-hydroxyphenathiaZine, Which is represented by the 
following chemical formula 

XVII(a) 
H 
N CH3 
\ 

S O 

(“RMPT”) 

and salts thereof. 

In addition, a preferred anodic electrochromic compound 
II is 

Cl 

Cl 

2,6-dichloro-indophenol 
(“DCI”) 

WI 

Likewise, preferred among anodic electrochromic com 
pound III are 5,10-dihydro-5,10-dimethylphenaZine 
(“DMPA”) and 5,10-dihydro-5,10-diethylphenaZine 
(“DEPA”), With DMPA being particularly preferred. 
As a preferred anodic electrochromic compound VI, met 

allocenes, such as ferrocene, Wherein Me is iron and R and 
R1 are each hydrogen, and alkyl derivatives thereof, may 
also be used advantageously in the context of the present 
invention. 

The salts referred to in connection With the anodic elec 
trochromic compounds include, but are not limited to, alkali 
metal salts, such as lithium, sodium, potassium and the like. 
In addition, When A is NRRI, tetra?uoroborate (“B134”), 
perchlorate (“ClO4”), tri?uoromethane sulfonate (“CF3S03_ 
”), hexa?uorophosphate (“P136”), acetate (“Ac'”) and any 
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halogen may be associated therewith. Moreover, the ring 
nitrogen atom in anodic electrochromic compound I may 
also appear as an N-oxide. 

Any one or more of anodic electrochromic compounds I, 
II, III, IV, V, VI or VII may also be advantageously com 
bined, in any proportion, Within an electrochromic monomer 
composition and thereafter transformed into a polychromic 
solid ?lm to achieve the results so stated herein. Of course, 
as regards anodic electrochromic compounds I and II, it is 
necessary to contact those compounds With a redox agent 
prior to use so as to render them electrochemically active in 

the present invention. Upon the application of a potential 
thereto, such combinations of anodic electrochromic com 
pounds Within a polychromic solid ?lm may often generate 
color distinct from the color observed from polychromic 
solid ?lms containing individual anodic electrochromic 
compounds. A preferred combination of anodic electrochro 
mic compounds in this invention is the combination of 
anodic electrochromic compounds Ill and VI. Nonetheless, 
those of ordinary skill in the art may make appropriate 
choices among individual anodic electrochromic com 

pounds and combinations thereof, to prepare a polychromic 
solid ?lm capable of generating a color suitable for a 
particular application. 
A choice of a cathodic electrochromic compound for use 

herein should also be made. The cathodic electrochromic 
compound may be selected from the class of chemical 
compounds represented by the folloWing formulae: 

R23 R2 1 

R24 R 

W11 

derivatives 
of viologen 

O 

: i : ,R3 
0 

derivatives 
of anthraquinone 

6-A 

Dihydroxyalkyl Viologen Salt 
(' 'DHAVS ' ') 

Monohydroxy Violo gen Salt 
(1 ,MHVS v v) 

7-A 

5 
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Phosphoryldihydroxyalkyl Violo gen S alt 
(' 'PDHAVS ") 

Wherein R3, R4, R21, R22, R23 and R24 may be the same or 
different and each may be selected from the group consisting 
of H, any straight- or branched-chain alkyl constituent 
having from about one carbon atom to about eight carbon 
atoms, or any straight- or branched-chain alkyl- or alkoxy 
phenyl, Wherein the alkyl or alkoxy constituent contains 
from about one carbon atom to about eight carbon atoms; 

Wherein n' may be an integer in the range-of l to 12; 

R50 

Wherein R5 may be H or CH3, and n' may be an integer in 
the range of l to 12; HOi(CH2)n ,i, Wherein n' may be an 
integer in the range of l to 12; and HOOCi(CH2)n'-, 
Wherein n' may be an integer in the range of l to 12; 

OH 

Wherein q may be an integer in the range of 0 to 12; Wherein 
each p is independently an integer from 1 to 12; and Wherein 
X is selected from the group consisting of B134‘, C104‘, 
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Cf3SO3_, styrylsulfonate (“SS'”), 2-acrylamido-2-methyl 
propane-sulfonate, acrylate, methacrylate, 3-sulfopropy 
lacrylate, 3-sulfopropylmethacrylate, P136‘, Ac‘, HOi 
(R25)iSO3_ and HOOCi(R25)iSO3i wherein R25 can 
be any straight- or branched-chain alkyl constituent having 
from about 1 carbon atom to about 8 carbon atoms, an aryl 
or a functionaliZed aryl, an alkyl or aryl amide, a branched 
or linear chain polymer, such as polyvinyls, polyethers and 
polyesters bearing at least one and preferably multiple, 
hydroxyl and sulphonate functionalities and any halide; and 
combinations thereof. 

O 

Phenyl-l ,4-benzoquinone; 

2 C104‘ 

Distyrylmethylviologen 
Perchlorate 

(mixed isomers) 
("DSMVC1O4") 

WVH 

HO— (CH2)3 — Ill \ / N—CH2CH3 
+ 

2 C104‘ 

Ethylhydroxypropylviolo gen 
Perchlorate 

("EHPVC1O4") 
)QQGX 

Hydroxyundecyl Violo gen Hexa?uorophosphate 
("HUVPFG") 

ml 

Hydroxyhexyl Violo gen Hexa?uorophosphate 
("HHVPFG") 

)QQQGH 

C6H5CH2CH2CH2— C>—@N—(CH2)H—OH + + 

(C104) (C104) 
HydroXyundecylphenylproply Violo gen diperchlorate 

("HUPPVCLO4") 

18 
In one preferred embodiment R25 can be: 

S 03 _ 

4-hydroxyphenylsulfonate (or its isomers) 

or the copolymer derived from acrylamidomethylpropane 
10 sulfonic acid (AMPS) and caprolactone acrylate. 

Speci?c cathodic electrochromic compounds useful in the 
context of the present invention include: 

WV 

CH3(CH2)6—IlI \ / 1ll—(CH2)sCH3 
2 SS‘ 

Heptylviolo gen 
Styrylsulfonate 

(HHVSSH) 

WVI 

()7 CH : CH2 

WVIII 

Hydroxyundecyl Viologen Perclorate 
("HUVC1O4") 

m 

Ethylhydroxyundecyl Viologen Perclorate 
("EHUVC1O4") 

Divalericacid Viologen Hexa?uorophosphate 

Diphenylpropyl Viologen diperchlorate 
("PPVCLO4") 
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Preferably, R3 and R4 are ethyl, n-heptyl, hydroxyhexyl or 
hydroxyundecyl. Thus, When X is P136‘, C104- or B134‘, 
preferred cathodic electrochromic compounds are ethylvi 
ologen perchlorate (“EVClO4”), heptylviologen tetra?uo 
roborate (“HVBF4”), hydroxyundecyl viologen hexa?uoro 
phosphate (“HUVPF6”), ethylhydroxyundecyl viologen 
perclorate (“EHUVClO4”), hydroxyhexyl viologen 
hexa?uorophosphate (“HHVPF6”), divalericacid viologen 
hexa?uorophosphate (“DVAVPF6”), hydroxyundecylphe 
nylpropyl viologen diperchlorate (“HUPPVCL04”), and 
diphenylpropyl viologen diperchlorate (“PPVCL04”). 

The above anodic electrochromic compounds and 
cathodic electrochromic compounds may be chosen so as to 
achieve a desired color, When the polychromic solid ?lm in 
Which they are present (and the device in Which the poly 
chromic solid ?lm is contained) is colored to a dimmed state. 
For example, electrochromic automotive mirrors manufac 
tured With polychromic solid ?lms should preferably bear a 
blue or substantially neutral color When colored to a dimmed 
state. And, electrochromic optically attenuating contrast 
?lters, such as contrast enhancement ?lters, manufactured 
With polychromic solid ?lms should preferably bear a sub 
stantially neutral color When colored to a dimmed state. 
The plasticizer chosen for use in the present invention 

should maintain the homogeneity of the electrochromic 
monomer compositions While being prepared, used and 
stored, and prior to, during and after exposure to electro 
magnetic radiation. As a result of its combination Within the 
electrochromic monomer composition or its exposure to 
electromagnetic radiation, the plasticizer of choice should 
not form by-products that are capable of hindering, or 
interfering With, the homogeneity and the electrochemical 
ef?cacy of the resulting polychromic solid ?lm. The occur 
rence of any of these undesirable events during the in situ 
curing process, Whether at the pre-cure, cure or post-cure 
phase of the process for preparing polychromic solid ?lms, 
may interfere With the process itself, and may affect the 
appearance and effectiveness of the resulting polychromic 
solid ?lms, and the electrochromic devices manufactured 
With the same. The plasticizer also may play a role in 
de?ning the physical properties and characteristics of the 
polychromic solid ?lms of the present invention, such as 
toughness, ?ex modulus, coef?cient of thermal expansion, 
elasticity, elongation and the like. 

Suitable plasticizers for use in the present invention 
include, but are not limited to, triglyme, tetraglyme, aceto 
nitrile, benzylacetone, 3-hydroxypropionitrile, methoxypro 
pionitrile, 3-ethoxypropionitrile, butylene carbonate, propy 
lene carbonate, ethylene carbonate, glycerine carbonate, 
2-acetylbutyrolactone, cyanoethyl sucrose, y-butyrolactone, 
2-methylglutaronitrile, N,N'-dimethylformamide, 3-methyl 
sulfolane, methylethyl ketone, cyclopentanone, cyclohex 
anone, 4-hydroxy-4-methyl-2-pentanone, acetophenone, 
glutaronitrile, 3,3'-oxydipropionitrile, 2-methoxyethyl ether, 
triethylene glycol dimethyl ether and combinations thereof. 
Particularly preferred plasticizers among that group are 
benzylacetone, 3-hydroxypropionitrile, propylene carbon 
ate, ethylene carbonate, 2-acetylbutyrolactone, cyanoethyl 
sucrose, triethylene glycol dimethyl ether, 3-methylsul 
folane and combinations thereof. 

To prepare a polychromic solid ?lm, a monomer should 
be chosen as a monomer component that is capable of in situ 
curing through exposure to electromagnetic radiation, and 
that is compatible With the other components of the elec 
trochromic monomer composition at the various stages of 
the in situ curing process. The combination of a plasticizer 
With a monomer component (With or Without the addition of 
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20 
a difunctional monomer or a cross-linking agent) should 
preferably be in an equivalent ratio of betWeen about 75:25 
to about 10:90 to prepare polychromic solid ?lms With 
superior properties and characteristics. Of course, the art 
skilled should bear in mind that the intended application of 
a polychromic solid ?lm Will often dictate its particular 
properties and characteristics, and that the choice and 
equivalent ratio of the components Within the electrochro 
mic monomer composition may need to be varied to attain 
a polychromic solid ?lm With the desired properties and 
characteristics. 
Among the monomer components that may be advanta 

geously employed in the present invention are monomers 
having at least one reactive functionality rendering the 
compound capable of polymerization or further polymeriza 
tion by an addition mechanism, such as vinyl polymerization 
or ring opening polymerization. Included among such 
monomers are oligomers and polymers that are capable of 
further polymerization. For monomers suitable for use 
herein, see generally those commercially available from 
Monomer-Polymer Labs., Inc., Philadelphia, Pa.; Sartomer 
Co., Exton, Pa.; and Polysciences, lnc., Warrington, Pa. 
Monomers capable of vinyl polymerization, suitable for 

use herein, have as a commonality the ethylene functional 
ity, as represented beloW: 

Rs 

Wherein R6, R7 and R8 may be the same or different, and are 
each selected from a member of the group consisting of 
hydrogen; halogen; alkyl, cycloalkyl, poly-cycloalkyl, het 
erocycloalkyl and alkyl and alkenyl derivatives thereof; 
alkenyl, cycloalkenyl, cycloalkadienyl, poly-cycloalkadi 
enyl and alkyl and alkenyl derivatives thereof; hydroxy 
alkyl; hydroxyalkenyl; alkoxyalkyl; alkoxyalkenyl; cyano; 
amido; phenyl; benzyl and carboxylate, and derivatives 
thereof. 

Preferred among these vinyl monomers are the ethylene 
carboxylate derivatives knoWn as acrylatesiie, Wherein at 
least one of R6, R7 and R8 are carboxylate groups or 
derivatives thereof. Suitable carboxylate derivatives include, 
but are not limited to alkyl, cycloalkyl, poly-cycloalkyl, 
heterocycloalkyl and alkyl and alkenyl derivatives thereof; 
alkenyl, cycloalkenyl, poly-cycloalkenyl and alkyl and alk 
enyl derivatives thereof; mono- and poly-hydroxyalkyl; 
mono- and polyhydroxyalkenyl; alkoxyalkyl; alkoxyalkenyl 
and cyano. 

Among the acrylates that may be advantageously 
employed herein are mono- and poly-acrylates (bearing in 
mind that poly-acrylates function as cross-linking agents as 
Well, see infra), such as 2-hydroxyethyl acrylate, 2-hydroxy 
ethyl methacrylate, methylene glycol monoacrylate, dieth 
ylene glycol monomethacrylate, 2-hydroxypropyl acrylate, 
2-hydroxypropyl methacrylate, 3-hydroxypropyl acrylate, 
3-hydroxypropyl methacrylate, dipropylene glycol 
monomethacrylate, 2,3-dihydroxypropyl methacrylate, 
methyl acrylate, ethyl acrylate, n-propyl acrylate, i-propyl 
acrylate, n-butyl acrylate, s-butyl acrylate, n-pentyl acrylate, 
2-ethylhexyl acrylate, methyl methacrylate, ethyl methacry 
late, n-propyl methacrylate, i-propyl methacrylate, n-butyl 
methacrylate, s-butyl methacrylate, n-pentyl methacrylate, 
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s-pentyl methacrylate, methoxyethyl acrylate, methoxyethyl 
methacrylate, triethylene glycol monoacrylate, glycerol 
monoacrylate, glycerol monomethacrylate, allyl methacry 
late, benZyl acrylate, caprolactone acrylate, cyclohexyl acry 
late, cyclohexyl methacrylate, 2-ethoxyethyl acrylate, 
2-ethoxyethyl methacrylate, 2-(2-ethoxyethoxy)ethylacry 
late, glycidyl methacrylate, n-hexyl acrylate, n-hexyl meth 
acrylate, isobomyl acrylate, isobornyl methacrylate, i-decyl 
acrylate, i-decyl methacrylate, i-octyl acrylate, lauryl acry 
late, lauryl methacrylate, 2-methoxyethyl acrylate, n-octyl 
acrylate, 2-phenoxyethyl acrylate, 2-phenoxyethyl meth 
acrylate, stearyl acrylate, stearyl methacrylate, tetrahydro 
furfuryl acrylate, tetrahydrofurfuryl methacrylate, tridecyl 
methacrylate, 1,4-butanediol diacrylate, 1,4-butanediol 
dimethacrylate, 1,3-butylene glycol diacrylate, 1,3-butylene 
glycol dimethacrylate, diethylene glycol diacrylate, diethyl 
ene glycol dimethacrylate, ethylene glycol diacrylate, 
ethoxylated bisphenol A dimethacrylate, ethylene glycol 
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Other monomers suitable for use herein include styrenes, 

unsaturated polyesters, vinyl ethers, acrylamides, methyl 
acrylamides and the like. 

Other monomers capable of addition polymerization 
include isocyanates, polyols, amines, polyamines, amides, 
polyamides, acids, polyacids, compounds comprising an 
active methylene group, ureas, thiols, etc. Preferably, such 
monomers have a functionality of 2 or greater. For example, 
the monomer composition can include isocyanates such as 
hexamethylene diisocyanate (HDI); toluene diisocyanate 
(TDI including 2, 4 and 2, 6 isomers); diphenylmethane 
diisocyanate (MDI); isocyanate tipped prepolymers such as 
those prepared from a diisocyanate and a polyol; conden 
sates produced from hexamethylene diisocyanate including 
biuret type and trimer type (also known as isocyanurate), as 
is known in the urethane chemical art. A recitation of various 
monomers suitable to use in the electrochromic monomer 

composition is given in the following Table 1. 

TABLE 1 

Monomers suitable to use in the electrochromic-monomer composition 

Type Tradename Product No: Supplier Location 

Isocyanate Tolonate HDT (Isocyanurate) Rhone-Poulenc Inc. ‘ Princeton, NJ 
Isocyanate Tolonate HDB (Biuret) Rhone-Poulenc Inc. Princeton, NJ 
Isocyanate ISONATE modi?ed MDI Dow Chemical Midland, MI 
Isocyanate PAPI polymeric MDI Dow Chemical Midland, MI 
Isocyanate RUBINATE 9043 MDI ICI Sterling Heights, MI 
Isocyanate DESMODUR N—, 100 Miles Pittsburgh, PA 
Isocyanate TYCEL 7351 Liofol Co. Cary, NC 
Polyol VORANOL polyether polyols Dow Chemical Midland, MI 
Polyol VORANOL copolymer polyols Dow Chemical Midland, MI 
Polyol ARCOL E-786 Arco Chemical Hinsdale, IL 
Polyol ARCOL LHT-112 Arco Chemical Hinsdale, IL 
Polyol ARCOL E-351 Arco Chemical Hinsdale, IL 
Polyol LEXOREZ 1931-50 Inolex Chemical Co. Philadelphia, PA 
Polyol LEXOREZ 1842-90 Inolex Chemical Co. Philadelphia, PA 
Polyol LEXOREZ 1405-65 Inolex Chemical Co. Philadelphia, PA 
Polyol LEXOREZ 1150-110 Inolex Chemical Co. Philadelphia, PA, 
Polyol DESMOPHEN 1700 Miles Pittsburgh, PA 
Tin Catalyst DABCO T-9 Air Products and Chemical Inc. Allentown, PA 
Tin Catalyst DABCO T-1 Air Products and Chemical Inc. Allentown, PA 
Tin Catalyst DABCO T-120 Air Products and Chemical Inc. Allentown, PA 

dimethacrylate, 1,6-hexanediol diacrylate, 1,6-hexanediol 
dimethacrylate, neopentyl glycol diacrylate, neopentyl gly 
col dimethacrylate, polyethylene glycol diacrylate, polyeth 
ylene glycol dimethacrylate, tetraethylene glycol diacrylate, 
tetraethylene glycol dimethacrylate, triethylene glycol dia 
crylate, triethylene glycol dimethacrylate, tripropylene gly 
col diacrylate, dipentaerythritol pentaacrylate, ethoxylated 
pentaerythritol triacrylate, pentaerythritol tetraacrylate, pen 
taerythritol triacrylate, trimethylolpropane triacrylate, trim 
ethyloipropane trimethacrylate, tris(2-hydroxyethyl)-iso 
cyanurate triacrylate, tris(2-hydroxyethyl)-isocyanurate 
trimethacrylate, polyethylene glycol monoacrylate, polyeth 
ylene glycol monomethacrylate, polypropylene glycol 
monoacrylate, polypropylene glycol monomethacrylate, 
hydroxyethyl cellulose acrylate, hydroxyethyl cellulose 
methacrylate, methoxy poly(ethyleneoxy)ethylacrylate, 
methoxy poly(ethyleneoxy)ethylmethacrylate and combina 
tions thereof. For a further recitation of suitable acrylates for 
use herein, see those acrylates available commercially from 
Monomer-Polymer Labs, Inc.; Polysciences, Inc. and Sar 
tomer Co. Also, those of ordinary skill in the art will 
appreciate that derivatiZed acrylates in general should pro 
vide bene?cial properties and characteristics to the resulting 
polychromic solid ?lm. 
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In situ cure can be facilitated by inclusion of organome 
tallic catalysts in the electrochromic monomer composition. 
Examples of such catalysts include dibutyl tin dilaurate, 
dibutyl tin diacetate, and dibutyl tin dioctoate. Other cata 
lysts can include organometallic compounds of bismuth, 
iron, tin, titanium, cobalt, nickel, antimony, vanadium, cad 
mium, mercury, aluminum, lead, Zinc, barium, and thorium. 
Also, amines such as tertiary amines can be used. 
Monomers capable of ring opening polymeriZation suit 

able for use herein include epoxides, lactones, lactams, 
dioxepanes, spiro orthocarbonates, unsaturated spiro orthoe 
sters and the like. 

Preferred among these ring opening polymeriZable mono 
mers are epoxides and lactones. Of the epoxides suitable for 
use herein, preferred are cyclohexene oxide, cyclopentene 
oxide, glycidyl i-propyl ether, glycidyl acrylate, furfuryl 
glycidyl ether, styrene oxide, ethyl-3-phenyl glycidate, 1,4 
butanediol glycidyl ether, 2,3-epoxypropyl-4-(2,3-ep 
oxypropoxy)benZoate, 4,4'-bis-(2,3-epoxypropoxy)biphenyl 
and the like. 

Also, particularly preferred are the cycloalkyl epoxides 
sold under the “CYRACURE” tradename by Union Carbide 
Chemicals and Plastics Co., Inc., Danbury, Conn., such as 
the “CYRACURE” resins UVR-6100 (mixed cycloalkyl 
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epoxides), UVR-6105 (3,4-epoxycyclohexylmethyl-3,4-ep 
oxycyclohexane carboxylate), UVR-6110 (3,4-epoxycyclo 
hexylmethyl-3,4-epoxycyclohexane carboxylate) and UVR 
6128 [bis-(3,4-epoxycyclohexyl)adipate], and the 
“CYRACURE” diluents UVR-6200 (mixed cycloalkyl 
epoxides) and UVR-6216 (1,2-epoxyhexadecane); those 
epoxides commercially available from DoW Chemical Co., 
Midland, Mich., such as D.E.R. 736 epoxy resin (epichlo 
rohydrin-polyglycol reaction product), D.E.R. 755 epoxy 
resin (diglycidyl ether of bisphenol A-diglycidyl ether of 
polyglycol) and D.E.R. 732 epoxy resin (epichlorohydrin 
polyglycol reaction product), and the NOVOLAC epoxy 
resins such as D.E.N. 431, D.E.N. 438 and D.E.N. 439 
(phenolic epoxides), and those epoxides commercially avail 
able from Shell Chemical Co., Oak Brook, 111., like the 
“EPON” resins 825 and 1001F (epichlorohydrin-bisphenol 
A type epoxy resins). 

Other commercially available epoxide monomers that are 
particularly Well-suited for use herein include those com 
mercially available under the “ENVIBAR” tradename from 
Union Carbide Chemicals and Plastics Co., Inc., Danbury, 
Conn., such as “ENVIBAR” UV 1244 (cycloalkyl 
epoxides). 

In addition, derivatiZed urethanes, such as acrylated (e.g., 
mono- or poly-acrylated) urethanes; derivatiZed hetero 
cycles, such as acrylated (e.g., mono- or poly-acrylated) 
heterocycles, like acrylated epoxides, acrylated lactones, 
acrylated lactams; and combinations thereof, capable of 
undergoing addition polymeriZations, such as vinyl poly 
meriZations and ring opening polymeriZations, are also 
Well-suited for use herein. 
Many commercially available ultraviolet curable formu 

lations are Well-suited for use herein as a monomer compo 

nent in the electrochromic monomer composition. Among 
those commercially available ultraviolet curable formula 
tions are acrylated urethanes, such as the acrylated alkyl 
urethane formulations commercially available from Sar 
tomer Co., including LoW Viscosity Urethane Acrylate 
(Flexible) (CN 965), LoW Viscosity Urethane Acrylate (Re 
silient) (CN 964), Urethane Acrylate (CN 980), Urethane 
Acrylate/TPGDA (CN 966 A80), Urethane Acrylate/IBOA 
(CN 966 J75), Urethane Acrylate/EOEOEA (CN 966 H90), 
Urethane Acrylate/TPGDA (CN 965 A80), Urethane Acry 
late/EOTMPTA (CN 964 E75), Urethane Acrylate/EOEOEA 
(CN 966 H90), Urethane Acrylate/TPGDA (CN 963 A80), 
Urethane Acrylate/EOTMPTA (CN 963 E75), Urethane 
Acrylate (Flexible) (CN 962), Urethane Acrylate/EOT 
MPTA (CN 961 E75), Urethane Acrylate/EOEOEA (CN 961 
H90), Urethane Acrylate (Hard) (CN 955), Urethane Acry 
late (Hard) (CN 960) and Urethane Acrylate (Soft) (CN 
953), and acrylated aromatic urethane formulations, such as 
those sold by Sartomer Co., may also be used herein, 
including Hydrophobic Urethane Methacrylate (CN 974), 
Urethane Acrylate/TPGDA (CN 973 A80), Urethane Acry 
late/IBOA (CN 973 I75), Urethane Acrylate/EOEOEA (CN 
973 H90), Urethane Acrylate (Flexible) (CN 972), Urethane 
Acrylate (Resilient) (CN 971), Urethane Acrylate/TPGDA 
(CN 971 A80), Urethane Acrylate/TPGDA (CN 970 A60), 
Urethane Acrylate/EOTMPTA (CN 970 E60) and Urethane 
Acrylate/EOEOEA (CN 974 H75). Other acrylated urethane 
formulations suitable for use herein may be obtained com 
mercially from Monomer-Polymer Labs, Inc. and Poly 
sciences, Inc. 

Other ultraviolet curable formulations that may be used 
herein are the ultraviolet curable acrylated epoxide formu 
lations commercially available from Sartomer Co., such as 
EpoxidiZed Soy Bean, Oil Acrylate (CN 111), Epoxy Acry 
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24 
late (CN 120), Epoxy Acrylate/TPGDA (CN 120 A75), 
Epoxy Acrylate/HDDA (CN 120 B80), Epoxy Acrylate/ 
TMPTA (CN 120 C80), Epoxy Acrylate/GPTA (CN 120 
D80), Epoxy Acrylate/Styrene (CN 120 S85), Epoxy Acry 
late (CN 104), Epoxy Acrylate/GPTA (CN 104 D80), Epoxy 
Acrylate/HDDA (CN 104 B80), Epoxy Acrylate/TPGDA 
(CN 104 A80), Epoxy Acrylate/TMPTA (CN 104 C75), 
Epoxy Novolac Acrylate/TMPTA (CN 112 C60), LoW Vis 
cosity Epoxy Acrylate (CN 114), LoW Viscosity Epoxy 
Acrylate/EOTMPTA (CN 114 E80), LoW Viscosity Epoxy 
Acrylate/GPTA (CN 114 D75) and LoW Viscosity Epoxy 
Acrylate/TPGDA CN 114 A80). 

In addition, “SARBOX” acrylate resins, commercially 
available from Sartomer Co., like Carboxylated Acid Ter 
minated (SB 400), Carboxylated Acid Terminated (SB 401), 
Carboxylated Acid Terminated (SB 500), Carboxylated Acid 
Terminated (SB 500E50), Carboxylated Acid Terminated 
(SB 500K60), Carboxylated Acid Terminated (SB 501), 
Carboxylated Acid Terminated (SB 510E35), Carboxylated 
Acid Terminated (SB 520E35) and Carboxylated Acid Ter 
minated (SB 600) may also be advantageously employed 
herein. 

Also Well-suited for use herein are ultraviolet curable 
formulations like the ultraviolet curable conformational 
coating formulations commercially available under the 
“QUICK CURE” trademark from the Specialty Coating 
Systems subsidiary of Union Carbide Chemicals & Plastics 
Technology Corp., Indianapolis, Ind., and sold under the 
product designations B-565, B-566, B-576 and BT-5376; 
ultraviolet curing adhesive formulations commercially 
available from Loctite Corp., NeWington, Conn. under the 
product names UV OPTICALLY CLEAR ADH, MULTI 
PURPOSE UV ADHESIVE, “IMPRUV” LV POTTING 
COMPOUND and “LOCQUIC” ACTIVATOR 707; ultra 
violet curable urethane formulations commercially available 
from Norland Products, Inc., NeW BrunsWick, N.J., and sold 
under the product designations “NORLAND NOA 61”, 
“NORLAND NOA 65” and “NORLAND NOA 68”; and 
ultraviolet curable acrylic formulations commercially avail 
able from Dymax Corp., Torrington, Conn., including 
“DYMAX LIGHT-WELD 478”. 
By employing polyfunctional monomers, like difunc 

tional monomers, or cross-linking agents, cross-linked poly 
chromic solid ?lms may be advantageously prepared. 

Such cross-linking tends to improve the physical proper 
ties and characteristics (e.g., mechanical strength) of the 
resulting polychromic solid ?lms. Cross-linking during cure 
to transform the electrochromic monomer composition into 
a polychromic solid ?lm may be achieved by means of free 
radical ionic initiation by the exposure to electromagnetic 
radiation. This may be accomplished by combining together 
all the components of the particular electrochromic mono 
mer composition and thereafter effecting cure. Alternatively, 
cross-links may be achieved by exposing to electromagnetic 
radiation the electrochromic monomer composition for a 
time suf?cient to effect a partial cure, Whereupon further 
electromagnetic radiation and/or a thermal in?uence may be 
employed to effect a more complete in situ cure and trans 
formation into the polychromic solid ?lm. 

Suitable polyfunctional monomers for use in preparing 
polychromic ?lms should have at least tWo reactive func 
tionalities, and may be selected from, among others, ethyl 
ene glycol diacrylate, ethylene glycol dimethacrylate, 1,2 
butylene dimethacrylate, 1,3-butylene dimethacrylate, 1,4 
butylene dimethacrylate, propylene glycol diacrylate, 
propylene glycol dimethacrylate, diethylene glycol diacry 
late, dipropylene glycol diacrylate, divinyl benZene, divinyl 


































































































